Introduction
HER2 is overexpressed in 15%-20% of breast cancers. 1, 2 Trastuzumab, a HER2-targeted monoclonal antibody, increases the clinical benefit of chemotherapy in patients with HER2-positive metastatic breast cancer (MBC). 3 Antibody-drug conjugates (ADCs) combine targeted antibodies with cytotoxic drugs to minimize systemic toxicity and improve therapeutic index of chemotherapy. 4, 5 Trastuzumab emtansine (T-DM1) is an ADC composed of trastuzumab conjugated to the microtubule polymerization inhibitor DM1 via a stable linker. 5 Like trastuzumab, T-DM1 inhibits HER2 shedding, blocks HER2 signaling and activates antibody-dependent cellular cytotoxicity. 6 In two Phase III studies, T-DM1 resulted in improved efficacy and tolerability versus 
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Zhang et al standard therapy in patients with previously treated HER2-positive MBC. 7, 8 Pertuzumab is also a monoclonal antibody binding to a different HER2 domain from trastuzumab and induces antibody-dependent cell-mediated cytotoxicity as well. 9 The addition of pertuzumab to trastuzumab + docetaxel has demonstrated significant improvements in progression-free survival (PFS) and overall survival (OS) in patients with previously untreated HER2-positive MBC. 10, 11 Previous preclinical studies showed that pertuzumab could enhance the antitumor activity of T-DM1. 12 Recently, several clinical trials were published to examine the safety and efficacy of the addition of pertuzumab to T-DM1 ± taxane in patients with HER2-positive, locally advanced breast cancer (LABC) or MBC. [13] [14] [15] The aim of this review was to systematically evaluate the safety and efficacy of the addition of pertuzumab to T-DM1 ± taxane in patients with HER2-positive LABC or MBC through performing a meta-analysis.
Materials and methods

Search strategy
We followed the guidelines for performing meta-analyses in our study. 16 We searched PubMed, EMBASE, Cochrane Library, China National Knowledge Infrastructure (CNKI) and ClinicalTrials.gov (http://www.ClinicalTrials.gov) for relevant clinical trials (up to March 23, 2017). The following terms were used: "ado-trastuzumab emtansine," "pertuzumab" and "breast neoplasms." Reference lists of relevant articles were also screened for additional studies. No language restriction was used.
Study selection
Two reviewers (JZ and CZ) independently performed the study selection process, with any disagreements being discussed. The inclusion criteria included the following: 1) the studies were clinical trials in any phase; 2) the studies evaluated the safety and efficacy of the addition of pertuzumab to T-DM1 ± taxane in patients with HER2-positive LABC or MBC; 3) the relevant data of adverse events (AEs) and treatment efficacy were available. Unrelated articles, retrospective studies, reviews, case reports, letters and studies without necessary data were excluded.
Data extraction
Two experienced researchers (JZ and CZ) independently extracted relevant data from the included studies, and discrepancies were resolved by consensus. The primary data included the characteristics of AEs, objective response rate (ORR), clinical benefit rate (CBR), complete response (CR) rate, partial response (PR) rate, stable disease (SD) rate, progressive disease (PD) rate and median PFS. The study and patient characteristics included first author, publication year, country, median age of patients, gender, study phase and treatment regimen.
Statistical analysis
The rates of AEs (both all-grade AEs and grade $3 AEs) and 95% CI were calculated from both single-arm studies and controlled trials. For controlled trials, the relative risks (RRs) of AEs (both all-grade AEs and grade $3 AEs) and treatment efficacy (ORR and CBR) were compared between the treatment arm and control arm. Significance was determined at P,0.05. Statistical heterogeneity was defined as I 2 .50% and P#0.1. Random-effects models were used if the heterogeneity existed. All the abovementioned analyses were performed by Comprehensive Meta-Analysis (CMA) program 2 (Biostat, Englewood, NJ, USA). The risks of bias of the included studies were also measured using RevMan, version 5.2. 20 The items included random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (performance bias), blinding of outcome assessment (detection bias), incomplete outcome data (attrition bias), selective reporting (reporting bias) and other biases. The risks of bias were rated as low/ unclear/high.
Results
Literature search
The initial search yielded 734 studies. After removing duplicates, 627 studies were screened for eligibility. According to the inclusion and exclusion criteria, 604 studies were excluded. The remaining 23 studies were assessed in full text. A total of 17 studies were further excluded, and six studies [12] [13] [14] [15] 17, 18 were finally included in our meta-analysis. The selection process is shown in Figure 1 .
Study characteristics
These studies were published from 2013 to 2017. A total of 996 patients were included, and all of them were female except for one male. The studies were all multicenter clinical trials, including two randomized controlled trials (RCTs; Phase Ib/IIa and Phase III), two nonrandomized trials (Phase II and Phase Ib/IIa) and two single-arm studies (Phase IIa and Phase Ib/II). Among the
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Safety and efficacy of pertuzumab plus T-DM1 ± taxane in breast cancer studies, the dose of T-DM1 was 3.6 mg/kg q3w, except for four patients (3.0 mg/kg q3w) in the study by Phillips et al. 12 The doses of pertuzumab in the six studies were all 840 mg loading dose followed by 420 mg q3w. The treatment regimens and other details are summarized in Table 1 .
Safety analysis of the addition of pertuzumab to T-DM1 ± taxane
To investigate the rates of all-grade and grade $3 AEs, the data in the single-arm studies and controlled trials were pooled (Figures 2 and 3 ). Among all-grade AEs, the highest rate was found for fatigue (55.9%, 95% CI 32.6%-76.8%, random-effects model). Diarrhea (37.8%, 95% CI 21.5%-57.4%), nausea (37.8%, 95% CI 22.7%-55.7%), epistaxis (36.2%, 95% CI 21.4%-54.3%) and peripheral neuropathy (30.2%, 95% CI 13.6%-54.4%) were also common all-grade AEs in random-effects models. In fixed-effects models, common all-grade AEs included increased aspartate transaminase (AST; 23.7%, 95% CI 16.2%-33.4%), increased alanine transaminase (ALT; 22.6%, 95% CI 15.2%-32.2%) and thrombocytopenia (21.7%, 95% CI 15.4%-29.8%). As to grade $3 AEs, thrombocytopenia (14.5%, 95% CI 10.9%-19.0%) was the most frequent (fixed-effects model). Other common grade $3 AEs in fixed-effects models included fatigue (12.8%, 95% CI 7.8%-20.3%), increased ALT (11.4%, 95% CI 8.1%-15.8%) and anemia (10.9%, 95% CI 7.7%-15.3%). Neutropenia (13.4%, 95% CI 5.2%-30.6%) and peripheral neuropathy (10.4%, 95% CI 1.0%-56.3%) were common grade $3 AEs in random-effects models.
For controlled trials, the RRs of all-grade and grade $3 AEs between the treatment arm and control arm were calculated (Figures 4 and 5) . Among all-grade AEs, increased risks of diarrhea (RR =1.885, 95% CI 1.566-2.268), rash (RR =1.477, 95% CI 1.136-1.921) and vomiting (RR =1.291, 95% CI 1.030-1.616) were found in the treatment arm (fixed-effects model). The treatment arm was associated with a decreased risk of all-grade thrombocytopenia The RRs of the five all-grade AEs in random-effects models were all not statistically significant. The seven grade $3 AEs were all pooled in fixed-effects models.
The treatment arm was associated with an increased risk of grade $3 diarrhea (RR =7.047, 95% CI 1.583-31.382) and a decreased risk of grade $3 increased AST (RR =0.507, 95% CI 0.279-0.923). 
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Efficacy analysis of the addition of pertuzumab to T-DM1 ± taxane
The outcomes of the patients in each study are summarized in Table 2 . As to the controlled trials, the RRs of the ORR and CBR between the treatment arm and control arm were pooled ( Figure 6 ). The results showed that the RRs of the ORR (1.068, 95% CI 0.945-1.207, fixed-effects model) and the CBR (1.038, 95% CI 0.974-1.106, fixed-effects model) were not statistically significant.
Risk of bias
The risk of bias graph and risk of bias summary of the four controlled trials are outlined in Figure 7 . The overall risk of bias was evaluated as low risk.
Discussion
To the best of our knowledge, this is the first meta-analysis that assesses the safety and efficacy of the addition of pertuzumab to T-DM1 ± taxane in patients with HER2-positive LABC or MBC. Our results showed that major AEs of T-DM1 + pertuzumab ± taxane included fatigue, diarrhea, nausea, epistaxis, peripheral neuropathy, increased AST, increased ALT and thrombocytopenia. Major grade $3 AEs of T-DM1 + pertuzumab ± taxane included thrombocytopenia, neutropenia, fatigue, increased ALT, anemia and peripheral neuropathy. The addition of pertuzumab to T-DM1 ± taxane led to higher risks of diarrhea (especially grade $3), rash and vomiting, and decreased risks of thrombocytopenia and grade $3 increased AST. As to efficacy, the addition of pertuzumab to T-DM1 ± taxane showed noninferior, but not superior, ORR and CBR. In our safety analysis, fatigue was the most common AE (55.9%). However, among the included studies, the incidence of fatigue varied from 20% to 86%, [12] [13] [14] 17, 18 with high incidences in the studies by Krop et al 13 In addition, the sample number in the study by Phillips et al is very small (nine patients). Besides, the event rate of peripheral neuropathy in the study by Krop et al (91%) was much higher than that in other studies, which may be also attributed to the addition of paclitaxel. Of note, our results showed that 
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Safety and efficacy of pertuzumab plus T-DM1 ± taxane in breast cancer hematologic disorders, such as thrombocytopenia, anemia and neutropenia, were common grade $3 AEs in patients treated with T-DM1 + pertuzumab ± taxane, making it more important to monitor blood tests during therapy. After pooling the data in the controlled trials, we found that the addition of pertuzumab to T-DM1 ± taxane resulted in higher risks of diarrhea, rash and vomiting, which was consistent with the results in Phase IIa of the study by Krop et al. 13 Martin et al 14 also found higher severe/serious AE rates for the combination regimens and considered it as a result of overlapping toxicities. Despite the overlapping toxicities, interestingly, we found decreased risks of thrombocytopenia and grade $3 increased AST in patients treated with the addition of pertuzumab. However, more studies are needed to clarify the event rate of AEs with the addition of pertuzumab to T-DM1 ± taxane, due to the limited study size, small sample number and difference in the use of taxane. With regard to the efficacy analysis, our pooled results showed that the addition of pertuzumab to T-DM1 ± taxane showed noninferior, but not superior, ORR and CBR than did 
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Safety and efficacy of pertuzumab plus T-DM1 ± taxane in breast cancer T-DM1 ± taxane. As mentioned earlier, the addition of pertuzumab to trastuzumab + docetaxel led to significant better survival outcomes in patients with previously untreated HER2-positive MBC. 10, 11 Besides, preclinical studies have shown that pertuzumab could enhance the antitumor activity of T-DM1. 12 However, recent clinical studies draw no definitive conclusions about the effect of adding pertuzumab to T-DM1 ± taxane, and the researchers anticipated the results of the Phase III randomized trial (MARIANNE; ClinicalTrials.gov NCT01120184). [12] [13] [14] 17, 18 Perez et al 15 published the MARIANNE results, unexpectedly demonstrating that the addition of pertuzumab to T-DM1 did not improve PFS. Thus, further studies are warranted to explain and validate their results.
There are several limitations in our study. First, our metaanalysis was based on a limited number of clinical trials, and the sample size in most studies was small. Second, the study design of the included studies varied, with two RCTs, two nonrandomized clinical trials and two single-arm studies. Third, the treatment regimens were not exactly the same between the studies. Besides, few studies provided the PFS data and only the ORR and CBR were pooled. Furthermore, significant heterogeneity existed when analyzing some AEs. Thus, random-effects models were used to minimize heterogeneity. All of these limitations might lead to bias in our analysis. Therefore, caution should be applied with regard to our results, and many more studies are needed to further clarify the findings.
Conclusion
Common AEs, such as neurologic disorders, digestive disorders and hematologic disorders, should be carefully monitored in HER2-positive, LABC or MBC patients treated with T-DM1 + pertuzumab ± taxane. The addition of pertuzumab to T-DM1 ± taxane showed noninferior, but not superior, ORR and CBR. However, due to the small sample size and heterogeneity of the included studies, the results should be treated with caution, and more studies are warranted to further assess the safety and efficacy of the addition of pertuzumab to T-DM1 ± taxane.
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